The mutants of Salmonella typhimurium LT-2 described in this paper were obtained while attempting to isolate auxotrophs for use in studying vitamin B, biosynthesis. Mutants auxotrophic for vitamin B, were obtained with relative ease. However, since the selection had been made on minimal medium supplemented only with pyridoxine, the possibility existed that genetic alteration in a vitamin B,-dependent enzyme necessary for synthesis of some essential metabolite other than vitamin B. had occurred, rather than in the biosynthetic pathway leading to vitamin B, per se. Therefore, these mutants were examined for alternate nutritional requirements and most of them were found also to respond to isoleucine. Similar groups of mutants have been isolated in this laboratory with alternate requirements for vitamin B,, or histidine, and for pantothenic acid, thiamine, or related amino acids. The metabolic relationships involved are currently being studied; the present paper describes the vitamin B*-isoleucine relationship.
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While this study was in progress, a short communication (8) described a group of Escherichia coli mutants which require either vitamin B., a-ketobutyrate, or isoleucine for growth. The authors concluded that these alternate requirements probably resulted from a mutational change in the biosynthetic threonine dehydratase such that its dissociation constant for pyridoxal-P was increased. The work reported here establishes the validity of this explanation for nutritionally similar mutants induced in S. typhimunum. Several other mutants with alternate requirements for vitamin B, or amino acids (1, 5, 13) also have been reported. In the best documented of these reports, Bukhari and Taylor (1) studied mutants of E. coli that display an alternate requirement for pyridoxine or lysine. These mutants possessed a defective diaminopimelic decarboxylase which required higher concentrations of pyridoxal-P for activation than those required by the wild-type enzyme. They concluded that the mutation altered the binding site of the enzyme for pyridoxal-P. and sodium deoxycholate (0.02 mg) were added, and the mixture was incubated at 37 C for 10 min before addition of substrate (18) . The reactions were started by addition of 0.2 ml (80 Mmoles) of L,-threonine in water solution and stopped after 20 min at 37 C by addition of 0.1 ml of 50% trichloracetic acid. a-Keto acid was determined by the indirect method of Friedemann and Haugen (7) using toluene as extraction solvent, protein by the method of Lowry et al. (11) , and total vitamin B6 (after hydrolysis) by microbiological assay with Saccharomyces carlsbergensis (16) .
RESULTS AND DISCUSSION
Fifty-eight mutants were isolated and purified by streaking. Most of the isolates responded equally on minimal agar to suboptimal amounts of pyridoxal, pyridoxine, or pyridoxal-P. A few grew slightly on pyridoxamine, and none responded to pyridoxamine-P. Reversion rates of the majority of the mutants were high.
Response of the mutants to amino acids. Growth studies with lactic acid bacteria and enzymatic studies both show that vitamin B6 is required for synthesis of most of the amino acids (12) . We therefore tested the ability of the mutants to grow on minimal medium supplemented with a vitamin B,-free casein hydrolysate. All but four grew under these conditions; the majority of the isolates were therefore not mutants in a pathway leading specifically to vitamin B6. Fifty-two of the mutants grew in the presence of isoleucine or either of its a-keto acid precursors, a-ketobutyrate and a-keto-f,-methylvalerate (Table 1 Fig. 1 ; that of mutant 31 is slightly less. Growth with isoleucine is slightly slower. On prolonged incubation (>15 hr) growth occurs in minimal medium, probably because of proliferation of revertants.
Genotype of the mutants. Two pyridoxal-P enzymes, threonine dehydratase and transaminase B (leucine: 2-oxoglutarate aminotransferase, EC 2.6.1.6), occur in the biosynthetic pathway leading to isoleucine; however, since a-ketobutyrate alone supports growth of all of these mutants, only threonine dehydratase must be defective. These mutants, therefore, represent alteration at the ilvA locus. Among the mutants labeled "pdx" in Table 1 Properties of threonine dehydratase from parent and mutant cultures. Depending on the growth medium and the age of the cells at harvest, cell extracts from S. typhimurium produced from 3 to 15.0 gmoles of a-keto acid from threonine per mg of protein per hr. Mutant cell extracts prepared under the same conditions possessed little or no measurable threonine dehydratase activity even when pyridoxal-P was added to the growth medium and to the cell-free extracts (Table 3) .
Toluene-treated cells of the mutant cultures, however, showed readily detectable levels of threonine dehydratase which varied from mutant to mutant and, in some cases, were comparable to the parent strain when the mutant cells were grown on medium supplemented with vitamin B, (Table 3) . Incubation with pyridoxal-P did not increase activity of toluene-treated cells of the parent strain, but did increase that of the toluenetreated mutant cells to various degrees (Table 3) . Cells and cell-free extracts of wild-type S. typhimurium were approximately equally active, and enzyme activity was partially repressed in extracts from cells grown with isoleucine, valine, and leucine.
Comparative affinities of wildtype and mutant enzymes for pyndoxal-P. It is clear from Table 3 that mutant cells contain appreciable levels of an altered threonine dehydratase which is more dependent on added pyridoxal-P than the enzyme in wild-type cells. Unlike the wild-type enzyme, the mutant enzyme is not stable to the procedures used in Table 3 for preparation of cell-free extracts. An extensive series of trials was undertaken to determine conditions under which active cell-free extracts of the mutant cells could be obtained. This was eventually achieved by suspending the cells [20 to 25 mg (dry weight) per ml] in stabilizing buffer (2) supplemented with pyridoxal-P (0.04 gmoles/ml), bovine serum albumin (0.3 mg/ml), and additional dithiothreitol (1 Mmole/ml), subjecting them to sonic oscillation as described earlier, then [since the mutant threonine dehydratase proved to be cold labile (cf. 10)] immediately removing the broken cell suspension from the ice bath and centrifuging at 20 C. To remove pyridoxal-P, 3-ml portions of the cell-free preparations from both wild-type and mutant cells were dialyzed overnight at room temperature against I liter of the dialyzing buffer described by Hatfield and Burns (9) . A representative mutant apoenzyme preparation obtained in this way requires much higher pyridoxal-P concentrations for maximal activation than the corresponding preparation from wildtype cells (Fig. 2A) . Double-reciprocal plots of velocity versus substrate concentration were not linear under the conditions tested; maximal velocities (VIm) were obtained by extrapolating the curves (Fig. 2B) to the vertical axis and were 3 to 10 times higher for the wild type than for the mutant enzyme preparation. Comparative affinities for pyridoxal-P (KFp, analogous to Km values) were calculated (6) from the corresponding Hill plots (Fig. 3) absence of pyridoxal-P, appear to explain fully the alternative nutritional requirements for vitamin B,, isoleucine, or a-ketobutyrate.
